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Introduction

26
The public is now paying more attention to alcohol consumption during 27 pregnancy because alcohol is a potential teratogen and may negatively affect embryo neurogenesis during embryonic brain development (Bake et al., 2012) . In human, 3 excess alcohol consumption during pregnancy can cause collective tissue damage 4 know as fetal alcohol syndrome (FAS) and fetal alcohol spectrum disorders (FASD), 5 The damage includes brain, craniofacial, cardiovascular and limb defects (Abel, 1984, 6 1995; Jones et al., 1973; Oza et al., 2016) . Besides developmental defects, person 7 with FAS also expect a shorter life expectancy (Thanh and Jonsson, 2016) . Although 8 the overall cause of FAS is known and preventable, little is known about how 9 craniofacial dysplasia developed in FAS -especially the cellular and molecular 10 mechanisms. In the embryo, the craniofacial bones are derived from cranial neural 11 crest cells (NCCs). Hence, we investigated how ethanol effected the cranial NCCs 12 during development to elucidate the pathogenic mechanisms of ethanol induced 13 craniofacial dysplasia.
14 Neural crest cells are specified at the border of the neural plate and the 15 non-neural ectoderm after gastrulation, and then arise uniformly at the dorsolateral 16 edge of the closing neural tube during early embryogenesis. These cells successively 17 undergo the developmental process of induction, delamination, EMT, migration and 18 differentiation to eventually give rise to cellular components of many systems in 19 vertebrates (Hall, 2008) . The induction of the neural crest occurs the border of the 20 neural plate and is dependent on signaling molecules from the surrounding 21 neuroepithelium and underlying mesoderm (LaBonne and Bronner-Fraser, 1998, 22 1999). Bone morphogenetic proteins (BMPs), Wnts, fibroblast growth factors (FGFs) 23 and retinoic acid (RA) are key signaling molecules of the aforementioned 24 morphogenetic processes. Specifically, BMP specifies the NCC site in the lateral 25 border of the neural plate, while concerted actions of Wnts, FGFs and RA convert the 26 specified cells into NCCs (Barembaum and Bronner-Fraser, 2005 ; Steventon et al., 27 2005). EMT in NCCs production is modulated by a number of transcription factor 28 families that includes Snail, Sox, and endothelins (Ets) gene families, which regulate 29 cell-cell and cell-matrix adhesion and the detachment of NCCs from the 30 ethanol exposure on cranial NCC development and bioactivities. Early chick embryos 8 (before HH10) were used as an experimental model and also 2% ethanol (effective 9 ethanol dosage determined in our reported study (Li et al., 2015)). 10 13 Fertilized leghorn eggs were obtained from the Avian Farm in South China 14 Agriculture University (Guangzhou, China). All chick embryos were staged according 15 to the Hamburger-Hamilton (HH) scheme (Hamburger and Hamilton, 1951) . Ethanol 16 (Guangzhou chemical reagent factory, China) was introduced into the embryos by two 17 routes. For ethanol treatment of early embryos, HH1 chick embryos were incubated in 18 EC culture (Etchevers, 2011; Streit, 2008) in the presence of 0.719% simple saline 19 (control) or 2% ethanol inside a humidified incubator (Yiheng Instrument, Shanghai, 20 China) set at 38°C and 70% humidity. The embryos were extracted from these 21 incubated eggs for analysis when the embryos reached the desired developmental (HH) 22 stages. For alizarin red staining of whole embryos, eggs that have been incubated for 23 3 days were windowed and injected with either 2% ethanol or equivalent volume of 24 saline into the albumen. The injections were given once every 1.5 days, sealed with 25 sellotape and then incubated for a further 11 days. The embryos were harvested when 26 they reached the desired stage, according to experimental requirements. 27 
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NCCs were prepared from the cranial neural tube explants isolated from chick 1 embryos, according to methods previously described (Etchevers, 2011) . Briefly, 2 fertilized chick eggs were incubated until the embryo reached 10 somite stage (HH10). 3 The cranial neural tubes were then dissected from the head region of the embryo and 4 explanted into 3.5mm dishes. The explants were cultured in DMEM and 10% FBS for 5 6 hours at 37 o C and 5% CO2, to allow the explants to adhere. The explants were then 6 incubated until some NCCs were observed migrating out of the neural tubes. At this 7 stage, 1ml of culture medium containing 0.719% simple saline (control) or 2% 8 ethanol were introduced into the cultures. These saline and ethanol treated explants 9 were allowed to develop for 48 hours and then the areas containing the migrant NCCs 10 were measured and analyzed using Image-Pro Plus 7.0 software. After incubation, the 11 NCCs cultures were washed with pre-warmed PBS and fixed in 4% paraformaldehyde 12 (PFA) overnight at 4°C. 13 15 The craniofacial skeleton was visualized in 14-day (E14) chick embryos by 16 staining with alizarin red dye (Solarbio, Beijing, China). Briefly, the embryos were 17 fixed in 95% ethanol for 3 days, then the skin and viscera were carefully removed 18 before they were post-fixed in 95% ethanol for one day. The embryos were then 19 treated with 0.5% KOH (Jinan University, Guangzhou, China) for 48 hours and 20 stained in 0.001% alizarin red dye for 3 days. Finally, the embryos were cleared in a 21 graded series of glycerol (diluted with water) and the craniofacial skeleton 22 photographed using a stereomicroscope (Olympus MVX10, Japan). 25 To determine the extent of cell proliferation, 0.03mg/ml of Bromodeoxyuridine 26 (BrdU, Roche diagnostics, USA) was introduced into the saline-and ethanol-treated 27 chick embryos for 2 hr. The embryos were then harvested, fixed in 4% 28 paraformaldehyde, and then stained with a BrdU-specific monoclonal antibody embryos were embedded in gelatin and sucrose (7.5% gelatin in 15% sucrose-PBS) 21 and frozen at -80 o C, thensectioned at 10μm using a cryostat (Leica CM1900). Whole-mount in situ hybridization was performed on chick embryos according to 25 previously described standard protocol (Henrique et al., 1995 Figure S1 . Briefly, 2 digoxigenin-labelled probe was synthesized for Slug (Nieto et al., 1994) . The 3 whole-mount stained embryos were photographed and then frozen sections, at 4 thickness of 20μm, were prepared from these embryos for histological examination. instructions. First-strand cDNA synthesis and SYBR ® Green qPCR assay were 10 performed using a PrimeScript TM RT reagent kit (Takara, Japan). All specific primers 11 of our genes of interest used in this study are listed in Supplementary Figure S2 . 12 Reverse transcription and amplification reactions were performed inside Bio-Rad 13 S1000 TM (Bio-Rad, USA) and ABI 7000 thermal cyclers. Housekeeping gene 14 GAPDH was run in parallel with the genes of interest to confirm that equal amounts 15 of RNA has been used in each reaction. The relative expression level of our gene of 16 interest was determined after normalization with GAPDH. The RT-qPCR results were 17 determined from three independent sets of experiments. 
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Data analysis
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All data analyses and graphics were performed using the Graphpad Prism 5 29 software (Graphpad Software, CA, USA 
Results
5
Ethanol exposure induces craniofacial dysplasia in chick embryos
6 HH20 (three-day-old) chick embryos were exposed to 2% ethanol (once every 50 μm in B1-G1 and B2-G2. Cadherin 7: con: 1.00±0.10, n=3; alcohol: 0.33±0.06, n=3; p<0.01; Fig. 7K ). genes that control cell adhesions, which have direct impact on cell motility. Taken   10 together, these pieces of data imply that ethanol exposure can negatively alter gene 11 expressions involved in EMT and adhesion molecules, thereby inhibiting cranial NNC 12 production. 13 We have summarized the overall results our study in Figure 10 . Firstly, the 14 diagram shows ethanol inhibiting Ap-2ɑ + NCC proliferation and enhancing apoptosis. 
